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1. Introduction 
Increasing evidence exists that cyclic AMP mediates 
most hormone effects in many different tissues 
through regulation of the activity of protein kinases 
[l-3]. Multiple physiological effects observed in fat 
cells, including increase in lipid and glycogen metab- 
olism [4,5], result from the hormone-induced change 
in protein substrate phosphorylation [6---91. We have 
attempted to investigate how a single stimulus can 
result in a multiplicity of effects, by examining the 
action of norepinephrine on phosphorylation reactions 
in both intact adipocytes or in adipocyte cell sub- 
fractions. 
This paper reports characterization in adipocytes 
of a number of polypeptides phosphorylated con- 
sequently to the action of norepinephrine. The phos- 
phorylations can be observed only in conditions 
where hormone effects were prevented from rapid 
reversal. 
2. Materials and methods 
2.1. Chemicals 
Collagenase (Clostridium histolyticum) was 
obtained from Worthington. [32P]Orthophosphate, 
carrier free, was purchased from the CEA (Saclay). 
Nucleotides were supplied by Boehringer (Mannheim) 
L-(-)-norepinephrine bitartrate was a gift from 
Boehringer, Badrial Lab. (Reims). X-ray films were 
from Sakura and from Kodak (RP royal X-O-mat). 
All other reagents used were A-grade. 
Elsevier/North-Holland Biomedical Press 
Male Wistar rats (CF strain, 160.--180 g) were 
given a standard laboratory diet and free access to 
water. Fat cells were dissociated from epididymal 
adipose tissue as in [lo] with minor modifications 
consisting in collagenase concentration (360 U/g 
adipose tissue) dissociation period (30-40 min) and 
presence of 20 mM Hepes in Krebs-Ringer buffer 
(pH 7.4). 
2.2. In situ phospholybtion of endogenous fat cell 
polypeptides 
Isolated fat cells, first submitted to a 45 min pre- 
incubation at 37’C in Krebs-Ringer-Hepes containing 
3% bovine serum albumine (BSA), were then centri- 
fuged, washed and transferred in a fresh thermo- 
equilibrated medium consisting of Krebs-Ringer-Hepes- 
BSA, minus Pi. [32P]Orthophosphate (60 $i/ml) 
was added and fat cell suspension was incubated for 
15 min at 37°C in order to label intracellular ATP. 
Aliquots were then treated with norepinephrine 
(2 FM) or without (controls) and incubation was 
further carried out for 10 min. 
At the end of incubation period, suspensions were 
centrifuged and cells were washed 3 times at room 
temperature with a solution containing 0.25 M sucrose, 
0.01 M Tris-HCl (pH 7.4) and 1 mM EDTA. In order 
to prevent hormone-induced phosphorylations from a 
rapid reversal (see below), stimulated fat cells were 
washed with the medium containing 2 PM norepineph- 
rine . 
Adipocytes, freed from bovine serum albumin and 
non-incorporated labelled orthophosphate, were 
resuspended in cold washing buffer containing 10 mM 
69 
Volume 96, number 1 IWBS LETTERS December 1978 
EDTA and all subsequent steps, including homogeniza- 
tion and subcellular fractionation [ 111 were performed 
at 4°C. Under these conditions, both protein kinase 
and phosphoprotein phosphatase were blocked (not 
shown). Finally, proteins were estimated as in [ 131 
and precipitated with 10% trichloroacetic acid (TCA). 
2.3. Electrophoretic anaLl?sis of polypep tides 
Proteins precipitated with 10%’ TCA were dis- 
solved in the sample buffer in [ 131 and dialyzed over- 
night against the same buffer. 
Electrophoresis in presence of dodecylsulfate (SDS) 
was then performed as in [ 131 using either 10% or 
Mitochondria Microsomes 
+ PS -+ PS 
* 
15% polyacrylamide. Protein staining was achieved 
with Coomassie blue. Gels were then submitted to 
0.5 N HC104 for 30 min at 90°C [ 141. washed to 
remove hydrolyzed products and finally hardened in 
1 OT+ acetic acid. Autoradiography was performed 
by applying X-ray film to the dehydrated gel for 
3 15 days, and the autoradiographs were then scanned 
densitometrically. In some cases. gels were counted for 
radioactivity by scintillation method using dissolved 
gel slices. 
2.4. GIJqcerol estirnatiotl 








Fig.1, Effect of norepinephrine on phosphorylation of endogenous adipocyte polypeptides in intact cells. Adipocytes were 
incubated as in section 2. Aliquots containing 40 /Ig protein of cytosol, mxrosomes and rmtochondria from control (-) and 
norepinephrine-stimulated (+) cells were subjected to lo%, polyacrylamide SDS-gel electrophoresis. A photograph mountmg 
shows side by side autoradiographs and protein staining pattern (PS). Marker protems were bovine serum albumin (68 000), 
ovalbumin (45 000) and cytochrome c (12 500). Arrows indicate polypeptides where phosphorylation was reproducibly modified 
by norepmephrine. The apparent molecular weights were determmed from a standard curve obtamed by using the following 
marker proteins: RNA polymerase (165 000, 155 000, 39 OOO), phosphorylase a (92 000). bovine serum albumin, ovalbumin, 
chymotrypsinogen A (25 000), trypsin inhibitor from soybean (21 500) and cytochrome c. Results (mol. wt) follow. Cytosol: 
(a) 102 000, (b) 81 000, (c) 66 000; (d) 63 000. Microsomcs. (e) 124 000; u) 66 000; @) 63 000; (k) 49 000: (i) 47 000: 
0) 43 000; (k) 12 500. Mitochondria: (l) 70 000. 
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production [ 151. Results are expressed as ~1~01 
glycerol released/g fat cell lipids [ 161 as a function 
of incubation time. 
3. Results 
Autoradiography following gel electrophoresis 
allowed visualization of the intracellular polypeptides 
phosphorylated consequently to the norepincphrine 
stimulation of intact adipocyte. Thus, the phosphoryla- 
tion of 10 different polypeptides m nlitochondria, 
microsomes and cytosol reveals to be under hormonal 
control (fig.1). These polypeptides were distrib~ited 
through the 3 checked subcellular fractions of adipo- 
cytes, 4 in cytosol (designated a, b, C, u’, with respec- 
tive mol. wt IO2 000,8 1 000,66 000 and 63 000) 
7 in microsomes (designated e, f, g, tz, i, j, k, with 
respective mol. wt 124 000,66 000,63 000,49 000, 
47 000,43 000 and 12 500) and 1 in mitochondria 
(designated I, with mol. wt 70 000). Only two pairs 
of phosphorylated substrates were observed both in 
microsomes and cytosol with identical molecular 
weights (polypeptides~and c, mol. wt 66 000; poly- 
peptidesg and d, mol. wt 63 000). 
Most of the norep~ephrine effects consisted of an 
increase in polypeptide phosphorylation. However, 
mitochondria contained a unique mol. wt 70 000 
polypeptide (I), the phosphorylation of which was 
significantly decreased ( -60%) by norepinephrine. 
Removal of norepinephrine by extensive cell 
washings completely reversed the lipolysis induced 
with the hormone after a 10 min incubation period 
(fig.2). Further addition of norepinephrine to these 
cells, reinitiated their Iipolytic response suggesting 
that the hormone was dissociated from its receptor 
sites by the successive washings. Figure 3 shows that 
cessation of hormonal stimulus by removing norepi- 
nephrine from the washing medium, resulted in the 
rapid reversal of hormone-induced phosphorylation 
of polypeptide substrates. If the initial hormone con- 
centration was maintained in the washing medium, 
dephosphorylation was prevented, Table 1 shows 
% change in phosphate incorporation due to norepi- 
nephrine stimulation, as compared with the control 
groups. Reproducibility of the obtained values was 
largely improved when phospho~lated polypeptides 
15- 
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Fig.2. Effect of ceil washing on the hormone-induced lipolysis. 
Adipocytes were incubated 10 min in presence of norepineph- 
rine 2 PM (4 - l ) (62 mg cell&r lipids/ml Krebs-Ringer.- 
Hepes f 3% BSA). Aliquots were subjected to 3 extensive 
washmgs (arrows) at room tempemture with the inc~lbat~on 
medium without norepinephrine and thereafter, cells were 
submitted to a further incubation either in presence (0 _ 0) or 
not fo - u) of norepincphrine 2 PM. Controls were run simul- 
taneously, with adipocytes m the presence (* - +) or absence 
(o - o) of norepinephrine. Experimental protocol: 
Symbol Presence of norepinephrine 
1st incn. 
(10 min) 
washings 2nd incn. 
o-o - _ 
*-• + + + 
u-0 + _ f 
o-c + - - 
were prevented from the washing-induced tendency 
to return to basal values. A unique exception was 
however observed in a microsomal protein band of 
mol. wt 124 000 (fig.3, polypeptide e) which entirely 
retained the incorporated phosphate in spite of 
washing with a hormone-free medium. 
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Fig.3. Effect of cell washing on norepmephrine-induced phosphorylation of endogenous adipocyte polypeptides. Adrpocytes were 
preincubated. labclled and finally exposed to norcpinephrine or not as in section 2 .2. At the end of the sttmulation period, 
aliquots of norepmephrine-stimulated adipocytes were washed either in absence (B) or in presence of 2 PM norepmephrine (C). 
Controls (A) were incubated and washed in absence of hormone. Subsequent steps were as descrtbed in legend of fis.1; only 
microsome and cytosol fractions were prepared and 40 pg protein of either fraction were analyzed by gel electrophorests. 
No difference was seen m protein staining patterns of either A, B, C groups. Protein markers were RNA polymerase from E. coli 
(a-subunit, mol. wt 39 000. p-subunit, mol. wt 155 000, @-subunit, mol. wt 165 000) and BSA (mol. wt 68 000). 
4. Discussion 
Ten polypeptides are shown here to be concerned 
with norepinephrine-controlled phosphorylation in 
intact cells in either mitochondria, microsomes and 
cytosol. Comparing these results with [ 17- 193, 
analogies and discrepancies appeared in either number, 
nature (molecular weight) or, when determined [19], 
subcellular location of the polypeptide targets. Meth- 
odologies employed for protein analysis, phospho- 
protein revealing and, as shown in this study, cell 
washing, may be a source of alterations in observed 
phosphorylations. Indeed, successive dilutions of 
hormone in cell medium resulted in a rapid dephos- 
phorylation of phosphorylated polypeptides. Reversal 
of norepinephrine-induced phosphorylations was in 
good agreement with the stoppage of lipolysis (the 
criterion used for evaluation of hormonal effect), 
initially due to cessation of adenylate cyclase acti- 
vation. Cyclic AMP was in fact able to reproduce in 
cell-free conditions norepinephrine effects obtained 
in intact adipocytes: 32P incorporation into proteins 
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Table 1 
Effect of norepinephrine on pllosphorylation of endopenous polypeptides in 
intact cells 
Phosphopolypeptide 
(mol. wt X 10e3) 
‘?rChangc in ‘*P incorporation due to 2 JLM nofepinephrine 
Ml~och~nd~ia Microsomes Cytosol 
-__- ” 
124 12oi 8C 
102 1162 SC 
81 117 i 11c 







a P < 0.05 
bP<O,Ol 
c P < 0.001 
I 207 f 7c 3.50 i: 18c lOO+ 6b 
‘157+ -F 
17.5 ” 1oe 
17.5 f 1Sb 
52 c_ 1Oa 
Conditions for incubation of fat cells are reported in fig.1 legend. Autoradio- 
graphs were scanned ensitometrically. Values are means + SEM of 3 experiments 
ofmicrosomes and cytosol prepared from unstimulated 
adipocytes, using [T-~~P]ATP as substrate for protein 
kinases, was shown to be stimulated with 5 ,uM cyclic 
AMP which increased labeling of polypeptides having 
identical molecular weights as in the case of intact 
ceils in the presence of norepinephrine. 
Thus versatile adaptability is ensured by high 
turnover of both cyclic AMP (through adenylate 
cyclase and phosphodiesterase activities) and protein 
substrate phosphorylations (through cyclic AMP- 
dependent protein kinase and phosphoprotein phos- 
phatase activities). 
However, the mol. wt 124 000 polypeptide band 
(polypeptide e) present in microsomal fraction, which 
was phosphorylated via norepinephrine-induced 
mechanism, appeared not to undergo depllospho~la- 
tion after cessation of cell stimulation. This fact 
suggests the existence of at least one delayed action 
of norepinephrine in the adipocyte. We only localized 
the mol. wt 124 000 phosphopolypeptide e in the 
microsomal fraction as a result of hormone stimulation 
of intact cells, and not in other fractions. Further 
investigatioil showed that this phosphop~lypeptide 
was neither an integral constituent of microsomal 
membranes (detergent action, not shown), nor a 
structural ribosomal protein due to its high molecular 
weight [20,21]. This phospllopolypeptide, probably 
tightly associated with ribosomes, may be in our 
opinion, rather concerned with the regulation of 
protein synthesis. This hypothesis has been reinforced 
[22,23]. 
The nature of the endogenous substrates thus 
remains at present unknown in absence of additional 
experinlellts. Disregarding other effects, there is 
evidence that lipolytic hormones modulate the activity 
of a number of enzymes in white fat cells including 
triglyceride lipase, phosphorylase kinase, phos- 
phorylase, glycogen synthetase [S&1 and probably 
also the enzymes of the lipogenic pathway [9,24]. 
Conceivably the hormone-controlled phosphopoly- 
peptides observed in the present study should be in 
close relation with the latter enzyme systems. How- 
ever, identification of substrates through their molec- 
ular weights {or size) is only indicative, and, for the 
time being, no other information is available as to 
their nature. 
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